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EXHAUST MEANS 
William Tinlin, 2* Hickoiy St., Chicago Heights, HI. 
Filed Aug. 5, 1958, Ser. No. 753,262 
5 Claims. (CI. 262—6} 

This invention relates to improvements in tunneling 
machines and particularly to such machines for tunnel- 
ing into rock, to form a relatively smooth walled bore 
of substantially any length, and which may be remotely 
controlled from the mouth of the tunnel. 

The main objects of this invention are to provide an 
improved machine for tunneling into solid rock; to pror 
vide such a machine which will form a relatively large 
size bore in solid rock by working the entire area of the 
tunnel face substantially simultaneously; to provide such 
a machine that is automatic in its operation; to provide 
such a machine that will automatically remove its cut- 
tings from the tunnel face at almost the instant that they 
are. formed; to provide such a machine that will auto- 
matically deliver and discharge the cuttings to the tunnel 
mouth; to provide such a machine with which the cut- 
tings are of relatively small granular form for easy re- 
moval from the tunnel face and conveyance to the tunnel 
mouth; to provide such a machine which may be remotely 
controlled from the tunnel mouth for both direction of 
the tunnel bore and speed of operation; to provide an 
improved tunneling machine whereby the character of 
the matrial being worked or tunneled into can be con- 
tinuously determined from the tunnel mouth; and to pro- 
vide an improved rock tunneling machine : that is self- 
propelled, substantially automatic in its operation, and 
which will form a clean bore of substantially , any length 
without the need of manual work within the tunnel, 

A specific embodiment of this invention is shown in the 
accompanying drawings, in which: 

FIGURE 1 is a schematic plan view of an improved 
tunneling machine with the chassis or frame parts omitted 
and with other parts broken away to show the operational 
components and illustrate the. nature of the invention. 

FIG. 2 is a side view of the said machine, also with 
frame parts omitted and other parts broken away, to 
illustrate the manner by which the cuttings and debris 
are removed. 

FIG. 3 is a, sectional elevation as tafcen on ii ne 3 — 3 
of FIG. 1 to show* an arrangement of crawler drive 
means for the machine. 

FIQ. 4 is a similar view as taken on line 4-^4 of FIG. 
2; showing the. arrangement of means: for steering and 
laterally stabilizing the work, head of the machine in its 
operation/ 

FIG. 5 is a fragmentary view as taken on line 5 — 5 of 
FIG. 1 showing the working, face of the work bead, of 
the machine, and. 

■ FIG.. 6 is a fragmentary sectional view as taken on 
line 6~-,$ pf.FIQ. 1 to illustrate a. manner of. supplying 
compressed air for operation of the individual rock cut- 
ting: devices carried by the work head of the machine. 

He., essential concept of this invention is to provide 
a rock tunneling machine having, a rotatable or- rotate 
ably osculating, work head on which are mountd a. plu- 
rality of; rocK cutting tools of the jack hammer type, the 
work head and rock cutting tools being substantially 
surrounded by an enclosure or air shield to which a suit- 
able, air. exhausting, ox suction means is connected whereby 
air is drawn to. the, face, or heading of the tunnel, around 
the periphery of the enclosure or. shield and is then, ex- 
hausted rearwardly from, the tunnel face through sub- 
stantially the entire, area, of the work head, to remove 
the cuttings generated by. each power tool as rapidly as. 
they arQ, produced, the. work. head,, cutting tools and. sur- 



rounding enclosure being supported on and carried by 
a suitable self-propelled carriage or frame for operation 
longitudinally of the tunnel bore. The cuttings tools are 
mounted on the work head in such a manner with rela- 

5 tion to each other as to work the entire area of the 
tunnel face or heading during each cycle of work head 
rotation or- oscillation; and the cutting topis adjacent 
the periphery of the work head are angulated outwardly 
from the axis of the work head so that the formed diam- 

10. eter of the tunnel face is somewhat greater than the 
outside diameter of the work head enclosure or air shield. 
It is, therefore, a part of the concept of this invention 
that the diameter of the work head and the air shield 
enclosure therefor is to be only so much less than the 

15 diameter of the tunnel bore that is formed as to pro- 
vide sufficient peripheral space between the air shield and 
the tunnel wall for the entry of such air as is necessary 
to. pick up and remove the cuttings generated at the 
tunnel face by the cutting tools. Thus, for example, a 

20 machine having a work head four feet in diameter will 
have its cutting tools so disposed as to form a tunnel 
face of about four and one-half feet in diameter. 

Tunneling machines employing a hammer type of cut- 
ting tool on a rotatabte or oscillating head are, generally 

25 speaking, known in the art, and it has even been pro^ 
posed, heretofore, to remove the cuttings from the tunnel 
face by an air suction exhaust system located on the axis 
of a revolving work head carrying peripherally mounted 
cutting elements. A primary difficulty with these prior 

30 machines, however, lies in the fact that the means for 
removing the cuttings created by the cutting tools has 
been insufficient to keep the tunnel face clear of debris, 
or too slow . in its operation to permit an economically 
practicable cutting rate and speed of forward travel of 

35 the. tunneling machine. The present invention is in- 
tended to overcome these difficulties and to provide a 
tunneling machine which is limited in its speed of opera- 
tion only by the number and cutting rate of impact type . 
of cutting tools. 

40 In the form shown the improved tunneling machine 
comprises a work head 1 rigidly mounted on the forward 
end of a hollow drive shaft 2 which in turn is supported 
pn a. suitable self-propelled carriage, the details of which 
are not shown* whereby the drive shaft 2 is disposed to 
extend along the axis of the tunnel being formed. The 

45 work, head 1 is disposed in a plane normal to the axis 
of the shaft 2 and supports a plurality of impact cutters 
3—4 arranged to project forwardly from the work head 
1 to* engage the tunnel face,, and, as indicated in FIGS. 
1,2 and 5, the outermost cutting: tools 4 are canted out- 

60 wardly relatively to the periphery of the work head 1 
so that the bits or cutters .5 .carried by the tools 4 will' 
work a greater diameter of the tunnel face 6 than the 
diameter of the work head 1. . 
It will, be understood that the cutting tools may be 

5 ^ arranged to operate on a common plane, as: shown, in 

." FIQS.. 1 and 2, or- arranged sp that the central, cutting 
tools will project forwardly from the work head 1 a 
greater distance than the outermost cutting: tools 4, with 
the cutting tools intervening being at a gradually lesser 

60 distance than the foremost cutting tool, so that the tunnel 
face or heading 6 will have a somewhat conical forward!/ 
projecting form; and* that in any event the entire area of 
the, tunnel face or heading will be worked in : the course 
pf each cycle of work head operation. 

66 . As shown in FIGS. 1 and 2 r the work head t is at 
somewhat less, diameter than the diameter of the tunnel, 
bore 7 and the entire work head is surrounded by a 
cylindrical axially extending enclosure or air shield B r 
wjjich. has- an. open forward end located as= ciose. as. prac-. 

70 ticably possible to the. cutters .5- and the tunnel face & 
The external diameter Qf this enclosure or air. shield 8 
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is. also., somewhat less than the diameter, of . the tunnel air flow through the exhaust duct . 12, and to inaintam 
bore 7, and the rearward end of the enclosure has a sufficient velocity of flow to keep the rock cuttings in 
slip joint connection with a rearwardly extending hood suspension in the air stream. Also,' it will be understood 
9, wttfch.is closed about . the shaft 2 by. means of : an .air that in those cases where the fluid exhaust from the un- 
tight ;seai 10 on a forward, journal : or bearing for- the 6 pact cutters. is not used as a suction producing means for 
shaft,, thereby providing an enclosed air chamber 11 on evacuating the chamber 11, the suction on the exhausting 
the.rearward side of:the work head 1: : , ... ". . system may. be generated entirely .by blowers .or fans 
:.. .The hood .9 is suitably .connected to. an exhaust duct suitably connected to the. exhaust conduit 12. 
12 which leads rearwardly of the machine, and. thence to The work head 1 may be of any suitable structure and 
the tunnel. mouth, by means of suitable suction pro- 10 fonn to mount and support, the jack hammers 3 and 4, 
duping , apparatus connected with the exhaust duct 12 a and yet provide sufficient spaces in the structure for suit- 
continuous, suction or partial' vacuum is maintained on able openings between the, several jack hammer bodies 
the enclosed; air; chamber 11 for the purposes hereafter to for the passage of air and rock cuttings from the tunnel 
be described . ^ . - . . face, rearwardly through the work head 1 and into the 
In .the; arrangement shown in the drawings the rock 15 chamber 11. Also, the jack hammer bodies must be so 
cutting tools 3 and 4 which are carried: by and project ; disposed or arranged, on the work head that the arcuate 
forwardty from the face of the work head 1; are of the . ; paths of the. cutters or bits, . which paths are generated 
flm^-pressure^erated impact or hammer type, and the', by angular movement or rotation of the work, head 1, 
cutters or : bits 5 may be of any appropriate form for rock will overlap, radially from the center of the work head 
work. The fluid pressure, which may be steam, or com- 20 outwardly to and beyond the greatest radial dimension, 
pressed air, , for these tools 3 and 4* is. supplied by way of or periphery, . of the work head. .This is necessary in 
the.hollow main shaft 2 which has a central passage . 13 - order : that the entire ' area , of the tunnel, face 6. will be 
leading .to the work head .l. As indicated .in FIG. 2. worked : by -the cutters during each cycle of work head 
those power tools 3 adjacent the center of . the work head rotation or oscillation in the course of its angular move- 
1 are provided with direct connections 14 leading through 25 ment about its axis. . . 

the work head 1 to the passage 13 on the interior of the • Thus a typical plan or arrangement for disposition of 
shaft 2i and those power tools outwardly of the center the jack hammers and their .cutting heads or bits 5 is 
portion, of the work head 1 are supplied by radial mani- . illustrated in FIGURE 5, wherein the circles identified 
folds 15. which are mounted on the: shaft 2 rearwardly by the.numerals 3 . and 4 indicate the . areas, occupied by 
of the work head 1 : and directly connected with the pas- 30 the jack hammer bodies, and the circles 5 and 5.1. indi- 
sage 13 : within the shaft Z These manifolds have suit- eate the areas of the! working faces of the individual 
able branch connections 16 which lead to the respective cutters actuated by the respective jack hammers. As 
power toplsf.there being one connection 16 for each tool. shown, the radially outermost or the peripherally dis- 
.^e .power tools,3. and;4.. are:aU arranged to operate in posed , cutters 5.1. aire arranged to extend radially out- 
: unison and the starting and stopping of the tool opera^ 35 ward : beyond the air shield 8. to the, periphery of the 
tion is effected by suitable valve or control means, not tunnel bore 7 that is formed by the machine in its opera- 
shown, regulating the volume and pressure of the actu- . tion.. . This radial projection of the cutters 5.1 is accom- 
ating^fluid: supplied to. the rear end.of the shaft 2. Since "-" ; Pushed by mounting the respective jack hammers so that 
the : shaft 2 - is rotated or. oscillated' about, its axis during they diverge outwardly from the work head axis as shown 
- the": operau^m of the macr^ 

the fluid pressure supply connection to the rear end of indicated in FIGURE 5, the work head 1 is a ra- 
the shaft 2 will be by means of a rotary or swivel joint dially extending body of grid-like formation, concentri- 
indicated generally by the numeral 17. cally mounted on the main shaft 2, and of such construc- 
' As shown, the exhaust .fluid from the power tools 3 tion as to provide rigid support for the jack hammer 
and 4 is led from each tool by a suitable conduit 18 to 45 'bodies 3 and 4 f . sustain their collective reactive force for 
a .cornmon collector chamber 19, which surrounds the transmission to the shaft 2, and at the same time leave 
shaft 2 oh the rear side of the work head 1 and within. as. 1 much opening as is practically feasible between the 
the . air chamber 11.. This collecting chamber 19 ex- jack hammer bodies and axially through the work head, 
tends rearwardly beyond the air manifolds 15 arid is As shown these openings 25 are formed arid disposed to 
connected by suitable rotary joint with a relatively sta- 60 extend over as much of the area of the work head as 
tionary. hood 20 which surrounds the shaft 2, and the possible, so that air corning from around the outside of 
hood 20 has a conduit 2i which leads rearwardly through the air shieldS.can enter and pass through the work head 
the chamber 11 to terminate in a suitable nozzle 22 ex- 1 as close as possible to the cutters and in the course. of 
tending centrally into the throat of a restricted inlet open- its travel pick up and convey the cuttings as they are gen- 
iri'g;23. leading from the chamber 11 into the exhaust B6 erated by the cutters in their work on : the. tunnel face or 
duct 12 r by way of- a-! gradually -expanding conical pas r heading 6. 

sage 24, the throat 23 arid the . expanding passage 24 to- FIGURE 6 shows the rear side of the work head 1, and 
gether with the nozzle 22 comprising a .suction produc- the disposition of the headers 15 with their branch con- 
ing arrangement of the "Venturi" type. . : duits; 16; which in turn supply the pressure fluid for oper- 
* With this, arrangement, the exhaust fluid from the ham- 60 ation of the jack, hammers 3 and 4. This view also illus- 
mers 3 and 4,. which is at a pressure of about .30 p.s.i. trates the abearance of the rear side of the work head 
or more, by being discharged to the collecting chamber as ,far : as the openings .25 are concerned, and it will ..be 
19, and thence through the connection 21 to the nozzle' understood that the air conveying the rock cuttings from 
22, will in many cases produce , sufficient " suction at the the. cutters', 5- and 5. 1 passes through these openings into 
"Venturi" throat 23 1 to pull a sufficient partial vacuurn 6S the chamber H, on the rear side of the work head 1, 
on the air chamber. 11 that the volume of air . entering and thence : to the exhaust duct 12 whereby the cuttings are 
the air shield 8 at the tunnel face and from around the conveyed to the tunnel mouth. . 

air shield periphery, will pick up the rock cuttings as fast : ."• From the foregoing, it will be" apparent that the struc- 

as they are generated by the cutters 5, and convey such tore . thus . far described is of such character as to fulfill 

cuttings through the. work head 1 into : the chamber 11 ^° the essential, concept of this .invention of providing a 

and thence into the exhaust duel 12 by which such cut- fotationally movable work head having, a multiplicity of 

tings will be conveyed ! to the . tunnel mouth. - It ■ will . be f orwardly. projecting rock cutting tools mounted thereon 

understood, of course, that "as theilen^ of : m'e- exhaust . and ; enclosing the work headbutting tool assembly in 
duct.. 12 increases it will be necessary to., install booster . an air .shield which extends substantially to the tunnel 

section devices to overcome the- inherent resistance" to face from an .enclosed chamber behind the work head and 
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from wjiich air is continuously exhausted by a suitable are arranged to. adjustably vary the .pressure against the 
air moving apparatus, the air shield 8 having its greatest tunnel wall by some suitable mechanical or hydriuHc 
radial dimension less than that of the tunnel being formed means, not shown, whereby the sh#ft 2 can be tilted rela- 
and being open for the entry of air only at its forward tive to the tunnel axis rearward of the machine to vary 
end, adjacent the cutter heads or bits, whereby the air 6 the direction that the machine is to travel, it is for this 
drawn into the air shield from around its periphery, passes reason that the crawler units are resiljentiy mounted to 
across, the tunnel face and picks up and conveys the rock the carnage structure. ' 
cuttings through suitable openings in the work head to' Also, as indicated in FIGURES I and Z, similar sta-i 
the air chamber and thence to the air exhaust duct. Thus, bilizing means 35 are provided at the. rear end of the 
with the apparatus shown, the work head-jack hammer 10 machine to. hold the rear end of the/shaft 2 in a. central 
assembly functions substantially as an impact type of rock • position in the tunnel bore and to prevent side sway or 
cutting means capable of continuously working a rela- whip of the machmedur^ its operation. . 
tively Jarge tunnel face area. at a relatively high speed or As shown in FIGURES' 1, 2 and 3, the carriage, stoic-, 
rate of forward travel. ture is provided with a suitable platform 36, on which 
. The work head and main drive shaft assembly must, of 15 are mounted the drive means for' the crawler units and 
course, be supported on a suitable carriage capable of for rotating the' main shaft 2. The drive ! means for both 
nolo^ng the main shaft centrally in the tunnel bore, ab- the carriage and the shaft may be of any suitable, type 
sorbing and counteracting the reactive force of the jack comprising power units. 3.7 and 38, and suitable trans- 
hammers when they are operating, and driving the work mission means 39 and 40, which include; a fluid coupling 
head assembly progressively forward as the tunnel face 20 arrangement, especially on the carriage drive, whereby a 
is cut away. No attempt has been made to illustrate the constant forward urging of the c^ffriage. toward the tun-, 
framework of the carriage structure, which is essentially nel face can be maintained during operation of the work 
a matter of mechanical design. However, FIGURES 1 head,. .As indicated in. FIGURE' 3, carriage drive* 
to 4, inclusive, are intended to indicate the primary com- ' 37^-39 may be connected to. drive all of the crawler units 
ppnents which must be embodied in and supported by the 25 simultaneously, the transmission, unit 39- being directly 
carriage structure, these components are hot illustrated connected, to the upper crawler units 3.1 and . 2?, by \ 
in detail since there are many suitable types and arrange- drive shaft 40, and suitable universal joints 41; and tlie 
ments of these, components that may be employed, and it crawler units 29 and 31 being connected to the crawler; 
is intended only to illustrate herein the functional rela- units 30 and 28 respectively by suitable telescoping 
tipnship of the several components in the carriage assem- 30 shafts 42, .which also have universal joint connections, 
bly as a whole. ' " with, the forward crawler unit axles. 

Thus, as aiustrated; in FIGURES 1 and 2, the carriage The drive for. the main shaft 2 may be such as to pro- 
assembly may embody a plurality- of thrust bearings 25, vide, either for full rotation of the main shaft in one 
26. and 27, in which the main shaft 2 is suitable journaled direction, or for angular oscillation of the. main, shaft 
and . supported, these thrust bearings being rigidly inte- 36 sufficient- for the cutter bits to fully wort the tunnel face 
grated into the framework of the carriage assembly. Also, ^^a. In either case suitable drive connection betweep 
as indicated in FIGURES 1, 2 and 3, the carriage assem- transmission unit 40. and me shaft 2 is provided aa 
bly will include a plurality of endless crawler tracks on indicated, at 43 in FIGS. 1 and 2- It will be understood," 
which the carriage is supported from the. tunnel side wall, of course, that the motor means 38, or the transm^ion 
and by means of which the carriage may be driven in the *Q unit ^ wiU be made capable of. remote control £6? regu.- 
axial direction of the main shaft 2 in either the forward lation of the turning rate of the shaft 2 according to the. 
or reverse directions. As herein illustrated, four crawler nature of the material being tunneled; by the rnachine^ 
track units 28, 29, 3.0 and 31, are employed, the crawler ft^iU be understood also that the carriage/ s^cture; 
track units, being arranged in diametrically opposed pairs herein shown and described is intended to illustrate only 
and. the pairs being arranged at right angles to each other, 45 ^ e nature of. the operating a>mponents of the machipe, 
so that there will be a. supporting and driving crawler track s ^ ce no invention is claimed (for the carriage unit per: 
for each quadrant of the tunnel bore 7. As shown, the se * e lW nt disclosure, and the. carriage unit may 
crawler track units are connected together and to the car- beof any suitable, design, 

riage frame by means of the thrust- bearings 26 and 27. 4nc ' operation of the improve*! tunneling machine 
Preferably, the mounting and connectipns of the crawler 60 compressed air or other fluid pressure means in the re-' 
track units, to the frame and the thrust, bearings 26 27 Qi^ire^. volume and at the required pressure may be sup- 
are of the spring or hydraulicaUy loaded type, arranged to • $" om anv .suitable, source, not- shc-wn, to th$ cen^ 
normally urge the crawler units radially outward with ' fc — P as f a 8 e *3. in the main, shaft %, by way of a. suitable* 
respect to the machine frame and the thrust bearings connection to the swivel coupling me^ns 17 at the. rear 
26-T-27. 65 end of the main shaft 2. Assuming that. com|>resse4 air : 

It will be understood that the crawler tracks are to be I s Jt ^ seen ^at such, air is delivered to the! 

suitably cleated so as to provide a firm grip on the tunnel * a — nammer ^ 3 4 *. mounted on; -the work; hea4; X, by 

wall 7, sufficient to sustain the torque and thrust load . of mean ^ of * e - *b passages. %4 at the central part of; the. 

the entire machine during its operation and to simultane- work a — by mea ns. of the manifold 15. and' the. 

oushy urge the machine, in the forward direction, so as 60 *? ranch . connections. 1$ which lead to those jack."ham ? 

to keep the rock cutting tools continuously engaged with m?r? locat ed outwardly of the! central-, area of the work; 

the tunnel face or heading. nead *• machine is driven, forwardly in ttbe tupnel 

As shown in FIGURES 1 and. 2 the forward end of * y . the ^ awI « r units at such, a rate as to keep the, cutfera 

the machine comprising the work head and the cutting „ . ea $agement with <the tunnel face- 6, an4 tfe. ope^a-- 

tools, together with that portion of the main shaft can- of J — ha in m ets 3 and. 4. wiU cause, rapid' im,. 

tiievered forwardly from the thrust bearing 26, are fur- P ac t-cutting action on the tunnel face to. cruslv. an4 * 

ther supported by angularly spaced stabilizers 32 pro- V™* 1 ™ ™ «P* m^erial. operated, upon,. .The ex T 

jecting radially from the forward thrust bearing 25 to u^ft ^JSl^^J^^^ *«* ^ 

cngage.the tunnel side wall. As shown, these stfbilizers 70 fch^ 

IIaST** lly . m0Unt ? d 0n thft i0 ^ ard thmt bearing 25 chnmber 19-20, and thence to 

and.eaci compnse a telescoping extension 33 havmg- suit- duit 21, and discharged into the ^Venturi" arranged 
able rollers 34 for engaging the tunnel wall 7. The ex- 24 at the inlet end of the main exhaust conduit H there- 
tendons. 33 are resiliently loaded to bear outwardly by inducing a relatively high suction on the chamber It 
against the tunnel wall, and at least two of the stabilizers 76 which encloses the rear end of the work head i The 
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suction on the chamber 11 will create a large volume of 
air flow from around the periphery, of. the air shield 8 
to the tunnel face, and thence radially inward and rear- 
wardly, through the. openings 25 in the. work head 1, 
into the chamber- 11. • The air flow passing radially inr 
ward across the tunnel 1 face 6 will pick up and convey 
the pulverized rock cuttings through the work head 1, 
into .the; chamber 11 and thence to the exhaust conduit 
12 by'ineahs.of.wMch the cuttings are conveyed to the 



8 



work head having openings therethrough for passage of 
said air and entrained cuttings into said enclosed chamber. 

2. A - tunneling machine comprising an annular work 
head mounted for rotation about a normally fixed axis 
and having- a . plurality of cutting tools projecting for- 
wardly' therefrom substantially in the direction of said 
axis, each of said tools having an annular cutting bit and 
said tools being of such number and so disposed on said 
work head that the cutting paths of said bits generated 



tunnel mouth. 1 .Suitable boosters, hot : Shown, will be 10. by angular movement of the work head about its axis 



connected to the main exhaust conduit ..12. as may be 
• necessary to maintain the . velocity * of air flow there- 
through, sufficient to suspend, and convey -the rook., cut- 
tings; and the cuttings may be delivered to a suitable 



will overlap radially from the center of the work head 
outwardly to the maximum radial dimension thereof, a 
shaft supporting said work head and extending axially 
rearward therefrom, means for turning said work head 



coUecting apparatus at the.tunnei mouth for further 15 about its axis, a cylindrical '. shield concentrically * sur- 



disposition. 

As the tunnel face is cut away by impact action of the . 
cutters \5j the -machine will be driven, continuously for- . 
ward by means . of the crawler, units of ttie carriage, and 



rounding said work head and extending forwardly of the 
work head substantially to theicutting plane of the radi- 
ally outermost cutting bits, said - shield being open at its' 
forward end and closed about, said shaft rearwardly of 



since the cuttings are removed as iapidly as they are 20 the work head to provide an enclosed annular chamber 



created, the operation of the machine will be continuous 
and the tunnel bore - will at ; all times be clean; Also, as 
the cutters operate against the tunnel face the shaft. 2 . 
will be continuously, rotated or oscillated, so that the en- 



behind the work head, the maximum radial dimension 
of "said shield being less than the radius, of the cutting 
path of the-radially outermost cutting bits carried by said 
work head, and suction means connected to said chamber 



tire area of the tunnel face will :be worked during each. 25 adjacent. the periphery. of its rearward end for exhaust- 



cycle of work head rotation oir oscillation, the disposi- 
tion of the jack hammers on the work- head 1 being such 
that the paths of the cutters 5 will overlap radially as the 
. work head revolves. Thus, the machine will continuously 



ihg air from within said shield rearwardly of said work 
head, said work head having openings extending; axially 
therethrough between said cutting tools for the passage 
of an air and air borne cuttings from the cutting plane 



and at a substantiaUy liniform. rate cut its way into the 30 0 f eacn of the bits to the interior of the said chamber 



•rock, into which, the tunnel is to be made and . full con- 
trol of the operation can be had from the tunnel mouth. 

The main advantages of this invention reside in its 
relatively high speed self clearing operation whereby a. 
smooth walled, clean bore can be made of a size .large. ®5 
enough for a man to. walk into; in the fact that the rock 
cuttings are automatically cleared from the tunnel face, 
as they are formed, by pneumatic means which permits 
continuous removal of me cuttings to. the tunnel mouth 



behind the work head. 

3. A tunneling machine comprising an annular work 
head mounted for rotation about a normally fixed axis 
and having a plurality of annular impact cutters project- 
ing forwardly therefrom ; and : fixedly mounted thereon, 
said cutters being* of such, number and so disposed on 
said work head that the cutting paths of the cutters 
generated by angular movement of the work head about 
its axis will overlap each other radially from the axis of 



while the machine, is in .'operation; and in the fact that the ^ the work head to the radially - outermost dimension 



ihachine can be readily controlled . and operated from a 
remote location which obviates the necessity of workmen 
attending the machine in the tunnel while it is in dpera- 
- tion. ■ 



thereof, a shaft supporting said work head and extending 
axially rearward therefrom, a cylindrical shield concen- 
trically surrounding said work head, said shield being 
open at its forward end and extending forwardly of the 



Although but one specific embodiment of this machine work head substantially to the cutting plane of the radi- 

^Arain «tiAnrH nw+*3 «f&r><u^l_ »J -4- _~ -T1 Y V. L . J a. • _3 j.1 a ■ 11 ' j. a -t-x — — J ' 1 L ^ a1<uib<I nttmll 1 eo3/4 chaff 
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is herein shown and described it will be Understood that 
numerous details of the •construction shown .may be 
altered or omitted without departing; .from the spirit of 
this invention as defined by the following claims. 
■ I claim:. 

1. A tunneling- machine, - comprising a rotatably 
mounted work head, having , a . plurality of "cutting, tools 
projecting forwardly therefrom, each of said tools hav- 
ing an annular cutting, bit and said tools being of such 
number, and so .disposed on said work head that thearcu-, 
ate cutting paths generated by angular movement of said 
bits about the work head axis will overlap radially from, 
the center of the work head outwardly to the periphery 
thereof, means for turning said work/head about its axis,;, 
an annular shield concentrically, surrounding said work 
head, said shield being open at . its forward end and ex- 
tending forwardly of the work head substantially to the 
work piane. of the radially .outermost cutting bits, said 
shield being 'closed rearwardly of the work head to pro T 
yide an enclosed /chamber behind the work head, the 
maximum radial dimension of said shield from the work 
head axis being less than the radius of the cutting . path 
of the radially outermost cutting bits carried by said work. 
- head for permitting passage of air to the said work plane ^ 
along the tunnel wall, and suction , means connected to 
said chamber adjacent the periphery of its. rearward end 
for. exhausting. air from within said shield rearwardly 
of said, work head, said air entering said shield radially • 
at the forward end thereof and passing across said work ^ 
plane to entrain cuttings generated by said bits, and said . 



ally outermost cutters and being closed about said shaft 
rearwardly of the work head to provide an enclosed 
chamber behind said work head, the outer diameter of 
said shield being less than the outer diameter of the cut- 
ting path of the radially outermost cutters on said work 
head, and means connected to, the rear end of said en- 
closed chamber adjacent its periphery for exhausting air 
from said chamber rearwardly of said work head, said 
work head having axially extending openings therethrough 
between said cutters for the passage of air and air borne 
cuttings from the work plane of each of the cutters to 
said enclosed chamber, said/air entering said, shield radi- 
ally at the forward end thereof and passing across the 
said work plane to enter , said work head openings. 

4. A tunneling machine comprising a work head 
mounted for rotation about a normally fixed axis and in 
a plane normal thereto, movable carriage means for sup- 
porting said work head, and means on said carriage .for 
-- turning said work head about said .axis; a pluraUtyof 
fluid pressure actuated cutting tools mounted on said 
work head and projecting axially forward therefrom, said 
tools being of such number and so disposed relative to 
each - other on said work head that the. arcuate cutting 
paths of the tools generated by angular movement of the 
work head about said axis will overlap radially from the 
center of the work head outwardly, to the maximum ra- 
dial dimension thereof, means for supplying fluid pres- 
sure to each of said cutting, tools, a shield concentric 
with said, axis and ahnularly surrounding said work head 
and. extending both, forwardly and rearwardly thereof. 
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the forward end of said shield being open and located 
substantially at the cutting plane of the radially outer- 
most cutting tools on said work head and the rearward 
end of said shield being closed to provide a hollow cham- 
ber on the rearward side of said work head, the maxi- 
mum radial dimension of said shield being less than the 
radius of the cutting path of the radial outermost cut- 
ting tools on said work head, an enclosed collecting 
chamber on the rearward side of said work head and 
within the first mentioned chamber, conduit means for 
leading exhaust fluid from each of said cutting tools to 
said collecting chamber, a suction conduit connected to 
the first mentioned chamber for exhausing air therefrom, 
and means for discharging fluid pressure from said col- 
lecting chamber into said suction conduit, for inducing 
suction on said first mentioned chamber, said work head 
having openings therethrough between said cutting tools 
for the passage of air from the open end of said shield 
to the rearward side of said work head and into said first 
mentioned chamber. 

5. A tunneling machine comprising a shaft having an 
annular work head mounted at one end thereof in a 
plane normal to the shaft axis, carriage means for support- 
ing said shaft, and means for turning the work head angu- 
larly about the shaft axis; a plurality of fluid pressure 
actuated impact cutting tools mounted on said work head 
and projecting therefrom in the direction opposite said 
shaft, each of said cutting tools having an annular cut- 
ting bit and said tools being of such number and so dis- 
posed on said work head that the arcuate cutting paths 
of the bits, generated by angular movement of the work 
head about its axis, will overlap radially from the center 
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of the work head outwardly to the maximum radial di- 
, mension thereof, and means for supplying fluid pressure 
to each of said cutting tools; a cylindrical shield concen- 
tric with the shaft axis and closely surrounding said work 

6 head, said shield being open at its forward end and ex- 
tending forwardly of the work head substantially to the 
plane of the radially outermost cutting bits, the rear- 
ward end of said shield being closed about said shaft . 
rearwardly of the work head to provide an annular cham- 

10 ber on the rearward side of the work head substantially 
concentric therewith, the maximum radial dimension of 
said shield being less than the radius of the cutting path 
of the radially outermost bits of the cutting tools on said 
■ work headj and suction means connected to the rear- 

15 ward end of said chamber adjacent the periphery thereof 
for exhausting air from said chamber rearwardly of said 
work head; said work head having openings therethrough 
adjacent each of said cutting tools for the passage of air 
and entrained cuttings from the work plane of said cut- 

20 ting bits at the open end of said shield to the chamber at 
the rear of the work head. 
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